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1. khDN7-^I7^f>-itt3?S* 

2. 3*;8SkhDN7--tM © & £ £ ft tt «fc 0 h '> & < t h 5 ft /]% $ » 7 £ ^> 

n'» -r n s » & * ft -s m * « i la m <d % m # . 

3. ^$*khDN7-i?I ©*S£&*D£<fcD i&l 0 0 ft * 3 fr> 7 * 

4. S 1 CiLifc^^k N'T-t I <D 7 5 / & E & < <h *> 9 0 % © 

5. 0 1Cilfc^«kFDN7-1f I075;8SJiJt!l>ft<tfc9 5 % © 

fc^tt£Wi-*7$y®e^£0fcsga#JSita®©M#. 

D N 7 - -fef I 7 

7. 75;Mft)5^««k h D N 7 - *M # L fc ^ U a -> ;MI: SB <£ £ £ 

8. 7S/me&#BlllC^Lfc7S / MrttKTCfii:HI s4 4, 
L e u 4 5 . Va I 48, G 1 y 4 9, L e u 5 2 . Asp 53, A s n 5 6 , 
His 64, T y r 6 5 , Va 1 66, V a 1 6 7 , Glu69*fcttAlal 
1 4©n© 1 OK:fctt&fcCD-e&£fa£jg6f2e©£S#. 

9. ® 1 a&m?i<D 2 &>±<D & ft l£*5V>T-07S/gSf*<iS07S/&C«& 
3 n * C t KJ; D0 1l:il/t75;SEMtttS&57S;iS?ISft5k 
hD'N7-Kl7*f>.-.Bttta#, 

10. 7 5 y SiKO'>ft < t t> 1 1 IC^bfc7 5 /IBJIrtTttTfl 
fii:HI 84 4', Leu 45. Va I 48, Gly49, Leu 52. Asp - 
53. Asn56, His64, Tyr65. V a 1 6 6 . V a 1 6 7 ... G 1 u 

6 9. £ £ Kt A 1 a 1 1 4 <D 5 5 © 1 O IC £ ^ T & £ n £ » # « 9 B2 ® & g # 

1 1 . 7578iiOi)>ft< til5#3?*k>DN7-tf.I C#«ELfcV> ? 

u n jhk-v & * g s ft.rt t & & r s is * m 9 s £ a # . 
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1 7.'ft!lJ:tiSii(!)h hDN7-f I ©7^5 i >-Btta:S#: : S:Si«»cS-^ 

is. e«js*fctt.»«**8iett««t^-c**ii*«i7ffi«o^i*. 
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i ft w <» m m & si w ] 

5g$©#l? 

* 56 91 tt . fch«5 s **5'y#J**l/7-"Kl (DN7--KI) . I'Jrtt 

* «fc ».» A D NAi6C«k4-f-n60ll«. * n 6 © ffl # ti tc «fc 0 BffcW 
tMf8T**(Saiaj««l, ^«tCX^ne©DN7--bfI M#i5J:tf J E-©il&Ji£#J 

58 K © W a 

* . D N 7 — if I tt#<O|i^««0g!ll;ll!!3nT^fc. 
£^DN7-ifItt£ft^Wfc£|&B»CP&$nT#rt:. «Atf. Moore, The 
EDzyme (Boyer, P.D.H), 281-296H, Academic Press, New York(1981)# M . 
9 ->D N 7-M I fcO UTC^iJiT 5 J & E « & » T * 9(Liao6> , J. Biol 
. Chen., 248: 1489-1495 (1 973); OefnerS, J. Mo 1 . Biol. 1 92 : 605-632 (1 986) ; 

LahmS, J. Mol. Biol. Biol. VLV. 645-667 (1 99 1) . V ~> D N 7 - if I £ 3 - h* 
f * D N A tt £ D - >it $ *15&SI $ nt V> 5(Worrall <S> , J. Biol. Chen. 265:2 
1 889-21 895 (1 990)). -> D N 7 - if I ©«jtteX-Hi|gil3M;:<fcoTfc£Sn 
TV>£. Sucke., EMBO J. 3:2423-2430 (1984); Suck£ , Nature 32 1:670-625 (19 
86); Oefner£, J. Mol. Biol. 1 92:605-632 (1986)). 

k hDN7-if I S3 - Hf5DNAtt#l$n. SMft^Sn. fODNA 

tt*i&*.it±iH!!iiaT58 9r3 nrfc o , *mc«to, Kgffnc^rfflfcfiKT© t h 

DN7--tf I © £g $ BTffi-T -5 . Shakf., Proc. Nat. Acad. Sci. 87:9 188-9192 
(1990) . 

DN7--fcMte#&©&»©fflS£WL. »*BttT?«fl§*nT*fc. © £ 
fc ft 8 ffl & tt , tt*£J:tfSKttllift£.(CF) ©. r <t t is sik # i> t bi> # & 
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flJAtf, Lourencofc, Arch. Intern., Med. , 1 42 : 22.99-2308 (1 982) ; Shake, Pro 
c. nat. Acad. Set. 87:9188-9 1 92 ( 1 990) ; Hubbarde, New Engl. J. Med. U_ 
6:8 1 2-815 (1 992); Fuchse.. New Engl. J. Med. 33J_: 637-642 (1994); Brysone 
, Drugs 48: 894-906 (1 994). £ ft . *fi tit tt « £ ft If £ & . ffiJattftWStfc, ftW 

A3£«t, ^DT7--t?. 7^^>*3«t^DNA*^tf. M ft K & # £ #> ft © 
H<OjBM4, t£«| (0JA.f4\ ^ol-H^^X (Pseudomonas) . ^ a - *E 3 y 
•ft 7. (Pneumocossus), ifcliX^7^ a 3 y # (S t aphy 1 ococcus) If © #c ) tz 

\tmommm (#j*tf, * a- 3 ©ess, «») ©#ftcisflf_UTiifiiincajB-r 
* a im $k ( # «t» a ) j&> s « a s n * . ^d>*«*»*fc««jatfi*r.*nic. 
a a *t » s is u . *hs©-rt««*atBi;, *n»4»»*©«!r#ttK»4r*. 

!r|i#ifc©«i#te£fl£T3-B-*DN7--fe:i © tg # « > #*»fcJ:oT*ai*n 
fc^lOD N A 0 5tlTf Shake, Proc. Nat'; Acad. S 

ci. 8_7_: 9188-9192 (1990)).; Aitkene, J. Am. Med. Assoc. 267: 1947-1951 (1 992) 
). 

ctosifiTte, 7 if 9- > © m m * * *fcDN7-*i©tt«»*8o*ic"33a 

/fO^^-XA^ajgSnt^S. Vasconce.l lose , Science 263:969-971 (1994 

))". 7^^>«, jt««aK*tt<B«'bfi*fegeH©it?T*o 7 

>Hf aA«I6gOfi 1 O^iDS;^) . j£$gi;:0F3S£nT£fc. Kabsch 
e, Ann. Rev. Biophys. Biomol. Struct. 2X: 49-76 (1992) ; Sheterlinee, Proc 
. Profile ]_:1-121 (1994). 7 9 ? > tt 2 ^ © 3 M . t / T - JE* ffi ( G - 7 * 

>) . *«fctfG-7*^>*yv-#sa*ir.Tsns7.f-5;i>r>»a (f- 

7£?>) T#tt4. 7^^>©#UT-7^9^>h»4»*Ctt#ttT*t) 
T. jffi # Ifc © tt £ fcfrfc 0 Sr^t"*. Mornete,. Proc. Nat. Acad. Sci. 8J_:368 
0-3684 (1 984); Newman?, , Biochemistry 24_: 1 5 3 8- 1 5 4 4 ( 1 9 8 5 ) ; Janmeye , Bioch 
emistry 27:821 8-8226 (1 988): Vasconce 1 lose , Science 263:969-971 (1994). 
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D N 7-tf I tt7 0 9-> iZfeG b (LazaridesS ; Proc. Nat. Acad. Sci. 71:4 
742-4746 (1 974); KabschS. , Nature 34J7_: 3 7 - 44 ( 1 9 90 ) ) . 7 ? ? > 7 4 7 ^ > h 

*ffiia-&$-ti-*z:i ( & e. tfic g - 7 ^ 3 1 > © 7 ^ 5^>Koi§«Bit« 

Ct)' ft T Irt -5 (Mannherz £ . FEBS Lett. 6£: 34-38 (1 975) ; Hitchcock^ 

.Cell 7:53 1-642 (1976); P i nde r 6 , Biochemistry 2Jj 4886-4890 (1 982) ; Weber 
S ,. Biochemistry 33_:4780-4786 (1994))© T , & & J; nU © B ft & »C M T -5 D N 
7--tTlO|fi}K^^Sft*tt. DNAiHl*#fl?,fc9*>t?b37*:f> K'ft ( IB B £ 
) l:i5utAlI|jntV)5. VasconcellosS , Science 263: 969-971 (1 994) 
. oOl*l:§aUT, 7Jf >€H«ETTli. DN7-1f I(DDNA-J)D*» ' 
ffSttl£B*3n« C &#ftl&ftTV»«. LaiiridesS. Proc. Nat. Acad. Sci 
. 7J_: 4742-4746 (1 974) : MannherzS. Eur ; I. Biochem. 1_04: 367-379 (1 980) . * 
fc, ^O^^t-StUT. 77^>«JHfgeg (MZ. It*. V)VVV>) tfgSStt 
&mmi&<Dttift& £<£T S -a-* 0fc»*WT**£iat*firSft-O»«. Vascon 
cellosS, Science 261:969-971 (1994) ; StosselS, PCTWS^MWO '94/22465 ( 
1 9 9 4 <pi0fll3B»l) , 

*S9m> d n 7--tr i <Dt&mftm%&0<k<t¥m&mzM%.T 

3! £ # ©tSfrfcJ;tf£j£..&StfK:DNA£;bO*##L, 7i7^>l'ig^b>l_ 

> • g b p t £ © *& # tt'* &t 2 itzzti* am* z mmt z z\n*> <D&&#e> 

<D ? 7 XZMmLtZ. 1 © 7 5 * ©&S# ( 7 £ 3 1 > - »&&&#) tt7^^> 
iC^^f^nt^^fiTbit^. ftiiU«H»»gtt5f U * 5 « £ K tt , 
^«8thDN7--tfItJtttUTffiTUfc«i«^*jgtt*WLfc. tns'or^ 
f >-IttJ8»#liX«Sk _hDN7--tf I te«|^-ODNA-ln]7K^/5?gtt* 
tt5*i, ri^3ettte77^>tC«k5iagK#l,T!&g14#<gj^fc. 12® 

T- *> oT773 L >K:«g£-f-5#, ^a*fcr-DN7-i?I ttfciSlLTffiTLfcttft 

^nec^Jlli, 8$ # & © 8i & 14 £ T £ £ £ <h K 3 k hDN7--tfI 
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© £ $ * *< . 7 5 * > h*7^?>*K*^*1***O«*J:0 , btrL*-t 

!B*^Sgfi${i!tt5t h D N 7 - if I © £ g # . 4# K . It & W * ft © 7 £ 

AJO*»»SttH7^f >©#fiTT± DEtSnf , tot, 
ti5^hhDN7--fefI iltUlT, 7^?->©#«ETTJ:»3**^ 

ft o T > * ft H © S tt . DNA-tt*»»Sttt«*t**«3E«hhDN7 
I i 0 fe.fi V>3H»ttT feoT7^f >K»S^t«khDN7-f ISlSSfl:* 

* ?& E © fe 5 1 O © B « , t h D N7-tf I ©J&>^*7£5 1 >-Wtt£g# 

I 7*? 1 >-©ttgS#«fc0fcSEiifflj£^fc|gft3n£, 
*fc,.**Wtt'» f&8±W$ft©DN7-*fI©7?:J 1 >-iitt£g#£A# 

t <t Oft*. imv»TDNA*lflilfllt»tttfctt«tt3 > 

"i ■ ' • ■ 

* * W tt . 1$ K » te£±W3&ft©DN7-i?I©7*? i >-Wft£g#£]S# 
.* fc , * 18 W tt . #tt-f*7*^>©ft£a!l£L, lt#7^f >-fttDN 

7 - -tf -i * ji # t © » * ic a -r * « » t * * ^ * * * « r * * © . • * # 6 

© ft tt ft ft ( * ) © j > • ^ b a ^ (f7?t-f Kiltit KDN7-KI © 7 ? 

f >-iMa#.«D*fflKiiftsn4.' 
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0 iS <Z) ffi ¥ SE « 

•0 1 tt , k F^lDN7--tf I 075 / KEJII (SEQ ID NO: 1) £ 

*T. flirt 07 5 y »8S©Jg£©fl:@£«f . 

0 2 It, 35«khDn7--Kl*J:tf«Ji#0*»»ttStt«jRt..lH » « 
&*HIfg (n-fi^) . Pu lmozyme'kFDNJ-f I (Genentech, Inc 
.. Son th San Francisco,* »J 7 * JP = 7*1, * ffl) © ffi ** W it S tt tt 1 . 0 t £ 
** tl5. *&k>DN7--tfI©ffi*fWttafttt> DNA-iO*#«?J£tt£<6 
T*nfck hDN7-^I 0 BK 7 S Ffti^lOP u 1 mo z yme l O%4('«fc 
£ P u lmo z yme'fflfn.tDtictlWFreiiz^ 1993f£12Jl 23 B & W £ 
*l£PCT#if fflgWO93/25670). 

0 3t*«*l07yb-fT*«bfc2:t<. 7 2 >© # fiE T fc & W * t 

hDN7-1fIgttODNA-lIl*^)!fffittfc t tt;k h D N 7 - -fef I . 
&gft£*-f. r/t — -fe> hISttJ tt**«*3fcB*bfc2:&<fc»r.*l/fcDN 
7 - * I « S fc tt * ft # ) O/1-t>hDNA-tt*»*iSttT*0 ; 7f 
f XDTSiTC^WS'DNT - if I ODNA-10*»«ISttttl 0 0/1 - -fc > 
MSttTfc*i£«Sn*.. K£#l*«*4l!tft*-r. 

H 4 tt . ft © « it in 7 y -b -f * it ;* » if U - > 7 y -t -f T « Jg b , 7 ? 
f >i¥STC*tt5^«Sk hDN7-€ I *5<ttfk hDN7-1f®f 

£<CfrgbfcDN7--t?I (?E$*3;fctt£ft#) OA- t > h D N A - 10*» 
# « T & 9 ;7*?>©*&«TKfctt*DN7-iM0DNA-iil*#fi??£ 

; 05tt, (&JK09 3 C E« t fc) 7^>^6EL.I S A 7 7 t-f TIS l/fc 
7ff 1 >l:MtSk hDN7-t I3ES*©ffl»«^^iattSit. EC. fit, 
ttK7ytr-fC*5^Tg^:S^©^»$4^SO»c£>g^DN7--bfI ( * * 
fttt3l!S«:) OiST»5. SM#tt&*|i<IM£«T.. Pu 1 m o x y m e* *5 
<ti;^«Sk hDN7--tf I tC^t^E C,,Ili« 7 2±2 1pM(n = 2 
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1 ) 

*3«fctf85±14pM ( n =. 14) T & 5 . 0 IC w $ ft -5 ffi *t W & £ ft ;fD ft tt , 
^ t l>DN7-tf I l^titSnfeEClTHLfet h D N 7 — I £ £ 
^KOtljUnfcECiT**. 77tl'TlSTtfe^©J;t) feE C,,l 
*»J:.0**^*J|fl5l4. >3 5, > 3 5 0 . > 1 7 5 0 . > 3 5 0 0. Jfctt> 
3 5 0 0 0 *#t5tOHT«Sn5, 

^ ffi #J 3 12 m b 7 * 9- > % f> E L I S A7.yt / f O i i W 3? i J 

1 . £8 

#9Jiffl#Tffl^ r h h D N 7-if I J . r ^ & k h D N 7 - if I J 

• riFtIDN7-^]j ft41IBI'l £B«Lfcfc hj6fc&DN7--tf 

I©7 5;tEfJStt5#U^7f HfVO. 

7-*IO>nill*a;57 5 yiiEJ!J:0ft«#y'Cyf -81:, 
3fS#l«it KDN7-t?I £ '> fc < £ t> 8 0 % © E 5*1 m - ft ( M ft ) , 
Is < \t'J> fc < £ b 9 0%<DE3aJ(t3-tt. iDfiPSL<li'>a<tt9 5 % <D E 

FitchS. Proc. Nat. Acad. Sci. USA 80: 1 382- i 386 (1 983) \Z «fc t> T Need 1 e.man £ 
, J. Mol. Biol. 48: 443-453 (l970)K «t-DTE«*nfc7)l'=f U XA©A-5? 3 

rh hDN7--tf i - ittl?s#j . r7*5P>-»ttgg#j . «fc rt 

hDN7-tI07^f>-||«g#j (1) DNA-JP*»«ffi 

tt £ £ (2). 7^f >l;Mf5tTL^^i»ft^tt5^«t FDN7- 
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•tr.i ©&s# * <t* $ . 

rDNA-JP*^«?fgttJ ttt,slSDNA«li*»« (SJBr) l/T 5 ' - 'J 
>&fc*V:**?l'*?F*$£/£®£4i;^43tt£*&t h D N 7 - -t? I * 
fcttt h D N 7 - -fef I 0*ft#©**«tt*V»-5. DNA-H*»|g|ttt»lfr 
J8#U7^UA'75 F *5 <k 7 # o-xyjH^*i. ttRiRJf JO 7yt -f (Kun 
itz, J. Gen. Physiol. , 33.: 349-362 (1950) ; Kunitz, J. Gen. Physiol. 33:363- 
377 (1950)), * ft \t * if U - > 7 y -fe 'f (Kurnick, Arch. Biochem. 2_9 : 41-5 
3 (1 950); SinicropiS, Anal. Biochem. 222; 351-358 (1994) ) S fcSK^g 

7 £ > K?*t "f £ 55 & t: h D N 7 - -tM £ tt fc: r« D N 7 - i? I © 7 * ^ > - 
Btt*ft#© rtS£-fe».ttj fctt. 7^f.>l:**t«^l:i^^t5DN7 
-■tf I ©H*ft V» 3. M * t*» MannherzS , Eur. J. Biochem. i_ 

04: 367-379 (1980) C 12 IStlT^ -5 ^ i # , S&ftKT&fclwa*©;^?'^ 
"f h'sfcfc <t o TitT S -5 . JlfttLT, S&5DN7-S ( 09 *. tf . X^bh 
*DN7-"KI*J:tf*0*Ji#) © *.» tt » £ « »tt tt . (*«W3KE«*h 
fc) EL I S A77t^ l:^^TS)£{b7i'f >^ODN7--tfO^^Sitt 
■5 £ t »C «k ^ T . <-<»»40*««l3lcE«Ufc) 7^?>©#«ETifc 

«^#«T»C*5lt-5DN7--lf©DNA-lni*5)-^Stt*Itfe-rSJ:i:lC < toT 

otitis, mfi^fciaeufc^fttt. 7^^>tc»r«<STbA:^^iK 

- - > ^ -r * © £ sit & * . 

rr^^fctt-rattTUfciiSiiattj * # r * t h d n 7 - -tr i 7 * ^ > 

»cie^i-*iSfttt«tot>it«w<s^7^5 i >ic^-r^^'&M?o<4*w-r*'b©T 

& £ . febHiS^3lCl2«$nfc7^5 1 >^^ELI SA7«;t^)i^7? 
?>K:*f1-*fchDN7--tM (55*8$fcte2!JI#) ©tt£«»tt-*W«T*& 
6 tt . r7*^>fc*trsftTUfc»£ll»tt.l SrW-r*7^^>-KttS:S^ 
« 55 «'t h D N 7 - i? I tlJ:0 i^?^EC,,I$f t« © 
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<D-5-n«t 0 5 -fgft t» L 1 0 0 -fg*#V> E C„iSlt5 ; U, ft »C , 

3f^kiDN7--b!l75 ;*I«®fS75 / f'SCtCkoT 
( ■ 5 .# ML ) . 3; mX b D N 7 - if I © * tl «fc D 5 0 0 - fgf £-8 ^. T A f ^ E 

I" ft & $ ft ffi f4 J t \t , « A tf , ^«5t hDN7-"tfI JfcSt hDNT-t 

M S nfcPCT^if ti}8W094/1 0567h h - -> a > £ ¥ £ ffl V* 5 7 y -fe -f (J.anmey. 
J. Biochem. Biophys. Methods 22. : 41-53 (1 991). * fc fifi CD 1/ * □ 5> - W * ft 

» fc is * t » '6 n fc v>< o 3&» © * a: * * as © v> r n ica o t * »ic m 

r jj? u * 5 - tr a i i « j * « r p c r j « , - «t ic . m z. « , * a # hf ■ 
4,6 8 3, i 9 s n\zm®z nx z z tzmmo&m <n ± > • g ho t © it « ' 

^-'J^^^l^^^H$ffl^5y7'fv-#S^<«©SSt>-'f.^;i/=&#tr. 

riBHuaj . rftSMj . r«fi*j*j:tfriBftj(nij"tt*'wi>»Ttt«2 

tiSsns^tT^s. rjgstEiftj * ± r; r h 7 >x 7 x ^ -> 3 > j «d n 

r # lb 51 m \ZM b j ttt, E?iJ ©««©« & £fr5i:ta<T£*<fc"5fcffi 
5(DSiCT. »^Si^*fettfl6©^ftic:cl;ot2tt±©DNAE5iJ<&*W^^ 

^n*^'J^7 , 5 l ^ ^ ©»^^5^cll4•rs7*^Mas^: i ^T^il^nn«#u^7•5 l, 

FODNAfcfPftiilffifcatSU : 7 D * - * - £ 7U4 x > a > ^ - tt t> u n a* 

4 b *n#£^ t r » <£ 5 tc&g lt k * a e. tfnt #e?o c# 

M H * 8 b T . - AS . r f£ g) aj fg 3 'fc b fc J t tt . I^StlSDN 
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AMtflS&UTiJO. »»U-^-©«^C»4. P&b^oU-x-f^ffifc - 

ami*, ai!f©i«i8«ttK:*it**isic«fct>Taj«sn*. 

*««4t##ttbtt # * * U -=f * * 1/ * * K 7 * 7* - * tt U > * 

-5. '8rtpWfcfc&& DNAStI»§b4Tfll>5. 
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I I.-7'fy>-itt«»#«)ljR 

# B fltt k h D N 7 - -feT I ©75ygfce?9&S#©8ii. 7^^>ife^^tt. 
DNA-ttl*»«fiStt, «fitt©ff«»C*^V>TV>*. #8 93 © 7 

- Wfi-Si S#ttD NA-»*»*Stt**-r*3jt. 3c«thDN7-ifI 
iDt.fi^SI»ttTfcoX7^f >'l:i^t5. 7 * 5 1 >&£©<£Tte, »£b 
< «. fll A. «. k*i'k h D N 7-tf I © G 1 u 1 3 , His44.Leu45. 
V a 1 4 8 , G 1 y 4 9 ', L e u 5 2 A s p 5 3. . Ash 56, Ty r 6 5, 
Va 16 7, Glu69, ««t:^Ala.l 14'Si ( 3 £ * 7 5 V ffi ^ * «C ft < 

m 0 i ©e^fi © 7 s / &ss©#iifH)tte£*-r) 7^^> 

©^C*it5 6L^3Ej!SkhDN7-tIrt0 7-5y8)8Si:tV>T6J:tf 

t h D N 7 - tM ©7 *^>-I}&&ll#£fej&T£*S*<D;fr£7!><&£. * 
«M©i©*#«Ic*v»t; 7 * ^ > -SMJIfMi. 7 * 5F- Kg ST * 
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3cl!SkhDN.7-1fI075 J & 38 £ IC * V> T * tt * ft ffi ft U T ( f & to "& 
, €-0*9 5 7 57IESIrtl:) &ttSS©7 5 ^ f f SI. »A. *5 <t / 

'* M X & 5 « A T 5 H <!: «fc o T n 59 $ tl 5 . Z $k t* % S © ^ < o j5> © ft 

»WllRTOt)0?*5 : D.5 3 R, D5 3K, D53Y. D53Y, D53A 
. Y6 5A, Y6 5E, Y65R, V6 7E, V67K, E 6 9 R » D53R: 
Y 6 5 A . D53R:E6 9R, H 4 4 A : D 5 3 R : Y 6 5 A, H44A: Y 
6 5A : E6 9R (0 2- 6#l) . 

ft u it«^«k hDN7--t? i <D7 s. ; ®m&\z&^T $.iz\**n\zmmLT 

( 1" fc to *> . -E-OiKj575/K^Srtir) S&LUfcmttMftfcftUS-B-as&a* 
SlJIfSAtiCtttotiBSni. « A « , «ttttfttt£«8*JiftJI!lr»T 
. Ill * ft * * fi © 7 ^ .>X ? * > IB O » * © fc » © B » E W T * * . lb 
©MJ^^KEai. 7X/t7^>-X-t'J>Sfcli7Xn7^>-X - hi/ 
*3.> C:L XH7D'J>S^<V»fn^©757i!) §^At5. Cregh t 
on, Proteins , 76-78M (W. H. Freeman, 1984). # 5 n N - ^ U 3 -> )Pft & S 

hDN7-1f.I ttt«l/T, 7^f >«^*<ttfDN7--t: I DNA - 360'* # «S 
g'tt©«*i:LT0SSSfiT5tSfctt»)lf5. 8rbV>^'Jn->ift V tt * » 
A T 3 ft © 5 £ £ S © W < •? © 0fl * ft) M tt W T © S 0 T 5 : H 4 4 
N . D 5 8 S , D58T, H64N: V66T, H 6 4 N : V 6 6 S V 6 7 N 
:E6 9S,V67N.:E69T. 

m m c «t o ; if u ^ ^ u 3 s> ;V ft * 4 u * * « » © * ^ » » « * ji t la 
*-^toii-T. 7^f>-tttf sftTisns # u 3 ->;i/ft©e«c* ur. ^ 

^thDN7--tfr7 5/ S?ia?iJrt©l 8 H «k / £ tt 1 0 6fil:fet>T?ct 

ic s c a ^ u 3 ;i/ft SBft £ * £ $t5:tt)Tf 5. 

■WC-*fcttft-*»C; («SJ'#IB)»JR««i*caUfc7f?>ia^lcH4T*35- 
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«8kfDN7-.-lfl07S/SSIl:6v»T$fettB.8UT ( r fc fc -fe . * o & 
575;feESfti:) 2£ At S . Means S , r gj a 1 g> fls » iri» (Hoi den-Day. 19 
71) ; GlazerS. r gag(Dfe^<iKii: S^gnfc^ft^J:i;^ff^fe (Elsevier 
,1 975); Creighton, Proteins. 70- 87 (W. H. Freeman. 1984); Lundblad, [ W 
a.Bi>tt<Ofe»g)fc.»Kai j, (CRC Press. 1991). ft*iiR«*tttDN7- 

thDN7--tfItJt«UT.-7^5 t >IS^.*«ti;DNA-lll*»»Stt©IS* 
.fcW-**a35«fchDN7--tfI oaSC^^TSftttttlClllllTlAt* 
«#iT»TlJ>X*7^ Fid*'»«lTDN7-KI ^-f7-«»)STt 

, * 5 vi « , m a. « * - jv - ft n 65 7 ;u * sj t #e » r * z t at t § s . a> 

5 £ M g © < O ^ <D 0J * W T 0 » 9 T & £ : H44C, L 4 5C, 

V48C, G49C, L52C, D53C, N 5 6 C , Y65C. V 6 7 C , E 
6 9 C , A 1 1 4 C . 

M^fcJ&IC, t h D N 7-* I © 7 5 / S?E Hi \Z& W 5 BSI. JtAfcJ: 

a#, «Atf, 8B&4#&tt?S£*£JI?iffS»:: <koT. 
D N 7 - i? I ^n-H-rSDNAlC^^-r^^^^^^HiBHllr^^^S^^A 
f a ;c t \z TMSftfc. ;fci^T. SSM&D N A eft 910 II Jit, 3fS© ( 

#*«o 75;®s^i4ft53ES*t hDN7--tf i A'iens. 

SambrookS , Molecular Cloning: A laboratory Manual , 3l2S£(Cold Spring 
Harbor Laboratory Press, New York (1989) ) \Z M * £ ft T V» 5 £ £ # S & % W T 

iJ^?^l^^-5 1 H-4#SW^^^SSI%^*55^0thDN7--tfI^S^^SI 

rS, Meth. .Enz. 100:4668-500 (1983); Zol 1 e r 5. , Metta. Enz. 154: 329-350 (198 

) 

.7); Carter, Meth, Enz. 154:382-403(1987); KunkelS, Meth. Enzyool. 154:3 
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67-382(1987); Horwi tzS , Meth, Enz. 1 85 : 599-6 1 1(1 990) )te B & % S ft £ ffc fft 

t*77- , ;^^-SttJ8ti. * <fc 4*»tt£jK* JIB BTWttft ft 

£ * — £"&tf (Messing^ . Meth. Enzymol. 10J_: 20-78 (1 983) : Veria£, Meth. 

Enzymol. l_53^: 3-1 1 (1 987) ; ShortS, Nuc. Acids. Res. 1_6 : 7583-7600 (1 988)),, 

BS«-rn«, ^^thDN7-tri (Jfctt^CJEI*) S^-h'fSDNA 

© as & » s » & as gg sjss a *.ff 5 Kfcvi-c, DNA©-*mic0fso^^s:ss. 

*3c^-r-5. /W ? U y-f a DNA#'J^7-t*f HT, A-f 

7 U ^ X L fc :*.'J zf * £ l^Pl-5 1 K«7'7'fT-tbTfflV^ JJltfDNAO- 

A -f y U y -f -tf - > 3 > 7 a - 7 * fc tt ? v -f V - t U T & ffl s n £ * 'J =f 2 
* I' * =S- H tt . ^ m \Z £ C & D N A © fit §5 C «fc O . $> £ V* tt -f > » bf K a £ £ fc 

<t s & £ u t ^ r n a* © ® ms & # snc <t ^ t is ® t £ * . « *. « , * >j =f * * w 

Hli, Narang<=> , Meth, Enzymol. 6_8: 90-9 8 (1 979) ; Brown£ , Meth. enzymo 
1. 6_8: 109-151 (1979) ; Ca ru t be rs £ , Meth. Enzymol. 1 54 : 287-3 1 3 (1 985) J: 

o Tta« jni^srtt , w m it & t *s vt s a * © ft « * jjj v» t & a k -& $ s 

& 7 7 □ - <fc 5ntli5. Keller^, DNA Probes, 11-18H (stockton P 
ress, 1 989). ft S! « 1C \t , A -f 7 0 ^ < If - -> a > :/ d - 7 * fc « 7 7 -f V - 
tt 1 0-2 5*fctt-*nK±©3*U:i-?-F*#tfU. j?r g © £ M II £ 3 - F 
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c" <t * ft'H t -r * . 

^ & . ft & # ft W ft ft ft A ft ft £ ffl V> T # & © ft ft . #A*fcttXfcftftftft 
*m5SDNAi:iXts:t^ift5. £ $ ft 'A £ * -5 * £ ft ft 5 ifi < iz 
&ei-n&, ftftftAfiifts©^^©^*:!-^**-©*";^:**^ 

H *fttr>T ra^ftC ftA-f* C i^Tf £. t * b & *< £. , <b U ft $ £ A * ft 

a ^ € ft & # $ s k ^ < e. a> e ft # * tn* ( i o^^i^^F^ft^xftftT 
v> n « ) , nFf m a&fcvzx & u - \*t v 3 z ? ut? \* z # 

£©te«fc9fflltT*£. ft 4) D £ . 2 O © SiJ 0*S©n l'OHStSCt*! 
ft 1 © # J£ fc ft t> T , #.Hf ft © ft ft ft ft IC » U T ft © * U ^ * * 1/ * H £ 4 

s •& s . & v> t > * v i * * U \* *wim\z-*mmMi> u At7 ~- )i>a 

ft © # ft « » /ft S © ft A # £ £ S -£ * £ £ 2 K ± © 7 £ > K © ft ft ft A ft 
ft 2 © 9 * > F © ft ft ft A ft ft tt ft 1 © 9 £ > F T ft ft L & ft ft* ft D N A * ft 

aitUTiijffl-r^. «*<lt; £ © ft a » i « ± © ft ft « a ftft t ic ft *t * . 

*t»T, $ 6 fc 5 »f ft© 7 5 J ft ft ft £ 3 - F f -5 * U =f * * F £ C ©ft 

ii:7--;pst. DN.A^senfeitt^ti H3,ty;i2 ? £ > f © ft ft ft 

*l»!!l*#.5«)J!«U{*«a-Kt«. IOi5nfcDNAHi3 5f > H© 
ft ft ft A SI 58 T ft ffl $ n « . 

P C R ft 'ft ft A ft ft (Higuchi, PCR Protocols , 17.7-1 81ft (Academic Pr , 
ess, 1 990) ; Val let teS , Nuc. Acids Res. J_7_: 723-733 ( 1989) H.t F D N T — 

■e i © *A # « # ft -r * © te ■ -r « . e& m t n > *«©«»» d-na*pcrc- 
ft w- * m ft ft A 1 1> x ft « r * ft •& . ii s d n a i= « »t « m ft.r « « « jb» e e ft 

7$< ft ^ riMC A * 7 7 -T V - £ IB t , ^M7-#gStIS5fii © fc ft 
S ft S SB £ tt A S tt ft W *.fi ©#AWDNAftH-£#-&. ft ft ft A© 7 7 
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KDNA-vOiACtt. ^7.-f.r-0 1 o ©E?mj9rS©£«g 

fc R # * *l ; to © 7 9 -f T - CD IB n « 7 7 X 5 P p N A ®-£ ft II M A 0 * 9 U * 

? h tm- x & n ft « fc s & n ft . E.'©Bflitt??x5 fd na ic » o x £ 

£ tC {ft IStSIifetf 5, U D # S » $f£ 2 © 7 5 1* T - © E , £-A 
« ^ 9 < T - i * .» -T * D N A © 4 * « «t * » E 50 ft * T * iB * 3 K 
. .Sl©t>0©*n*5 2 0 0 2 £ 1/ :* ? h* A It tt S S * S © 3W » * t IA . TS 

oTttje*ft.«*t«*Jl©tt«fc"*^Tllfc*DNA*rH"©*ffl 5 *l . S 6 
< 

tt <fi © & IE *5 V»T, l»ffl©a tf-'f >ytt»«-X9-*4-U^rv». WagnerS' 
, PCR Topics , 69-71H (Spr i nger-Ver 1 ag, 1991). 

.<bU£*»J|*DNAfc*tr*Wffl©Jta«* MUC fi.W n«, 4««ilDNAi«- 
©*-«»'ttl9f a ©««***» 0 i&fc . ^OtS^DNASffl^T, 
IKieDNAiiSIH, P C R»i i LTi < ^7 X 5 K t 0«^t 5 ® 
«A5. gij * © ft g IC £ £ M S tt , ^«3!S#i2y7'f7-Sffl^5iv 

c R»ffr*-BP»ic 3 (*fc«-5-net±)-8s?>a^-ey5x 5 Kis^cattr* z. 

iJ-ty h£f£&m&%ZWl®t Z1ttb<D *> 5 loojltt, Wells?, 
, Gene ^: 31 5-323 (1985)fc £ t> TIE© $ nT ^ £ KS^ < . HJf8#lgtt3S 

H * -fr * 1 $ D N A E m <fc 0 fc 5 7 7 X 5 H ( * 1t « ffi © ^ * * - ) X * * 
. D N A ICS * 3 h* > £ . PQ £ $ *l fc 51 $ 

& asffi © & m ic pi - © 169 is x > ? 7 - -traptt ft & «■ n « & v> . ^ u a> 

& ft £ ffl lr> X *nS£DNA©®ysfctt@££AbX*nS££j£$i**::<!:# 
X # * . .^5X5 HDNA$:n^OS?tT«iLTf n«S«ftt5. fHIEBS 
&©M©DNA©E?>J£3- K T S # ffr II © 31 & £ £ £ # W -f * - * g * U :J * 
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©IttM* tC fig b . & H T . g«Pfi94S«$I^T-«il;A<^U^-f XSt 

^'7X5 H \Z M » M & T * -5 J; 5 Id m tf'fc '^7^S HO*tl:l^f5 5' <fc 
3 ' •'5 CRM-"**. #5n&^7^5 Htt^«i3l!SLfcDNA 

D N A fc it -5 g IS X A © # «E tt . ««TyK>ir*J:"tf/*fcttDNAE5ll 

* ft « * » a » t j: < •» & n fc * j* ic o t * « * n.« . "d n a e w ft ie 

COUTO&S I/HJ ffi liSanger £ , Proc. Nat. Acad. Sci. USA 72^: 391 8-3921 
( 1 9 7 9 ) © S> 5 s * * > « # it ft T * -5 . 

khD'N7-€lfS*$a-Kt5DNA$, £Sft*£D-->^£fc« 

^S^J^-iilJ^OlCDNATS?, . l©«Ettfc 

hDN7--Kl«.R#«3^HT«*80*''n- = >ir*«8it4. T ft to t> 

•*#0»'5it»*-r« , b0T**. :n'6'<5.*i<Dio*fcttj*ii, ^ n - - 
>y*fctt»».lcfflw*#j60»±littfc*v»T^i'^-lcJ:-3Tft*ft*. * 
**-li'*n&#fT3«ttK*UTll&*B****.T* 

t.'V D N .7 - I * *.# * £ a 3 * * fc tt , £ Si * * * - tt , 7*Dt-J-l: 
ft ft ?! t& Kit £ U ft Mi E U ft £ A#.« n - H -T * D N A *s «fc if 'J # y - A & £• BE 
&J;,0ft3. jfc^T. SJItttEftAfljBir** *SWttR«*<7f 
H . $? * b ;< tt II # y -j ? I* * <k tf.k h D N 7 - -fef i a £ » 1 0 M 0 a » k-.' 

* V» T « >f « It * # "T * # - E H * fc lii 8*'J^^Ht«D Hi -a t IT 

..H tt 4 ft ( to * tf , -f - • 3 U (B. co 1 i) «fc flfi © Iffl & ) li # % 93 © m «J © 

^p-->;7*xsT»*b^i&±aiBaTfe^„ ^tiett. * « © d n a © as ft 
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ISft OD N Affi?tjifc5fcXfc £*r/B X h%. * fc. Jit & 4 ft % £ SB JS * . fc h D N 

8axg±$*l-5# U^^^ H tt ASM fc tt y 'J 3 ->^fls*nTV»*V>. 

fl)*.X, #89!© h h D N 7-M I mm±®®.-<k® (.«!*.«, ss 

fcttffi.o#aaia.*«) t **-r 5 »«- v-r - - x /\ a 7 * -ip 
m an sa ; * «t. © m ft'** m na ) . .* * * fc . * .* * * * ± « '» x a « a * #; 

£ a-x^S «fc £5i#ft«:*a&#»X J; < fcl snxiA*. **W©thp 

ifflBS. e> tflC&Sl^ 7 * M X tf. Shak, PCTftif HJISW090/07572 (1 990^ 

7J! 1 2 B & M ) »£ IB * £ *l X V> 5 4 © X & S . 

N A X ©SB SS © h 7 > 7. 7 x 7 -> a >© 0? $ t lr> # ft fctCohenS , Proc. Natl. A 
cad. Sci. 69 : 21 10-21 14 (1972)1C «fc -p T ffi « $ tlX V> 3 * )V v «7 A © a ft * It \t 
Chungs, Nuc. Acids. Res. Hi.: 3580 (1988)© 4? "J X 9 U > V 'J n - )V ftX & * 
. B£#£?g±<t:LXffl^ £©&£«. h 5 > X 7 x 7 > a > - fig KHinnen, P_r_ 
oc. Natl. Acad. Sci. USA. 75 : 1 9 29-1 9 33 (1 9 7 8) \Z «k t> T %. Hi S ft X V> 5 Z t < 

jj?»jx^u>yj3-;w*fflViT^j$$n*. « % w> ® m ia * « ± an is t u x 

V» ■* ft 6 tf . K 5 > 7 7 x Z >s 3 > « - US «C U > H * * •> 0 A ft S ft «t ^ T fr 
5. GrahamS , Virology, 5_2 : 546 (1 978) , GorianS, DNA and Protein Eng. tec 
h. 1:3-10 (1 990). IH M#l/->a >, ifctt^n 

£©£<!:£. DNA«««^«ne«J:tfJltt£«iBiniCDNA««Xt-«l!t® 

*tt't) * * f! t« fc» a © fc'a -r » . 

# 8 9! X ft K # ffi & © , t hDN7-t i^S#S3-Ht5DNA0f?l 
tt , IS £ m m t)\£ 3 tT © % Si * 7 * - £ * 9 b . 3! * 7 * - lc J; ^ X. 3 - K 

a n'a * u ^ o Bf a © # u ^ ^ ? h © * ^ -r a «k 3 » it' ± » na x » * » n. . 
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U £ - m 8 S * . > n - > ft D NAIci^tn - H^ns^'J HCffi 

7?- HOfflSS 7. ? U ■ - = > ^* nltl £ T 5 . Wong£> , Science 228:810-815 (19 
85); Lee5 , Proc. Nat. Acad, Sci. USA U: 4360-4364(1985) ; YangS , Cell 4 
7:3-10 (1986). ^< t T . - ig & M » « . ^ & k h D N 7 - -if I i 0 % ft WS' 
fttt * "b .o 17 2 ? > ICig^-r SXA'tt "* (^^1- -5 fc» CO 7 2/ -fe.-f ftfr'tfCD N 

a - £&#£aD£-t* fc© 07 v -t -r t m*^t»-e-T . 

■ s a'. * s#»i«±iBB us *^ sEra^n*. *©« 

a®fc<fctf te©i(afiSj£#©#JS*T©;f 3CS#coSi!S#S<i:T-5*^- 

T * £ . L ft # # & S n fc V> fc S > khDN7--fcM£g#te?f±iffilli§<D 
*i*.*6B«t*. t ha*© *>'©»* ©.*£MT»5l'3*i*»a 

» tt £ g# « t h 8 m © at a a » ^ £ c £ * * t> . t \z & < . ^dnt-^i 
£ s ft © m s w $ a fc ss © « & # 5 & © \z « v & & a to as g e s a> g n * * . 

khDN7-tri^sft©^sstt, ^n^^^-rs^tftti^^^ss 

• ittHI/T, & & # <D & Z ®mik¥ to to & * m %? * Z t \z £ ? T M & 2 ti 

..«. sg 1 xfLt it. «*««B*fctti&iaiia»»«i*3a<ALT. 

8SES7 > *x O A b < ttx * / - 
^ft®, y ^SjS (#^#6* * d t h 5 7 -) , -f ri7> ify 7 

-f ■8*tt?ani'7 7^- < ftSS»tt^D7H^77^ - (M jLtfvS.e 
pharoselC * -y 7 U > ^ $ i* ft - k h D N 7. — fef I ft# £&ffl) . t > 9 * M 
tentacle)* > £ & 7 OT h ^ 7 7 - (F renz S , PCT# .» ffl £ W093/25670. 
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19f3¥l!J!!S.B). H P L C *> J: fctty ;W«^8cft \Z «fc o T » thD 

. #J H , SftftSlf. 3E.8khDN7-tfnflV»5»aSB-kFDN7 - -fef 

«k AS CD g S * K 9! f -5 * \Z « U < © 41 fife #t £ g . V» < O 

>b»±IB* Ttt. t h D N7--tf I 

> Builder^, *M#flF-g4. 51 1, 502##$). 
l4«S»khDN7-f iIfiSl:*t)T*tjS-&«ii.*&tutl:«t5Ti!! 

KB n ft ft , # A * <fc * & © ft ft 0 \Z * ft K iD A T fc f £ £ *< T IT S ; 

#.fftS£«*tt35«*fcttS»#k FDN7--tf I Cl»fc7SyM«S; 

Ci.Kt o T«ATf *. 3 £ fc ® M # K.M * <k tf2f ffi S 
& # » T «k < »"6 ft T V» 5 . 

•> ^ f ;p * fc ii * # * •> 7 5 k ^ f ;m is # s i s . tfc. ^xr-f-Mi 

li . ^n* hU7^*D7t h>, a - 7 D t - J - ( .5 - -f .5 f* »/ ■< JU ) 7 a . 

f * *X>Wt9 on 7-fe^;i/.. .N-7***7l^f 5 H > 3 -x h o - 2 - 

tf U 5> i> X JU 7 H . * * » 2 - K U Jt> 7s )V 7 4 h* . p - ? tf n * ;P ? 'J 

>»/X— 2 - ? O D> U - 4 - i F D 7 I / -JKlfcllj D D - 7 - i 

Kn^>«;-2-**t-:i, 3 - >7 V-)Vt £<k 't> T»»#ft.-r s . 

t7fi;*SIIipH5.5 - 7 . 0 T © v X If D # # * - h £ ® E £ 
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«k r> T.mm.#{£? * . ff«-ft6tf, £©8]fci b,X??jl'ilfl.KK|fett#Jin£* 

6 T * £ .. A 7 - 7* D * 7 x ± ;i/ 7* D 5 F *> W ffl T & -5 ; E fc.tt'ff 3: L < \t p 
H6.0CT0.1M363 i>*I>-K'J f A *T.ff 5 . 

U -> ri * i3j;tf7S;*a SI tt 3 a ? ® £ » ft.®-* > Brft* ft tKfS 

zmsoajTosfis # it \i y ;i/ ® g © e isr £ .« ic t « m * *r ts 
sf-K, tr u h * +r - * 7. 7 x - h > tf u h * — ;i> , jDDintFH. 

H » hy = ho^>'li>7Jl'*>* > '0-^f JKyR*, 2, 4 - 1 > * > i> 

* > . & & V ? > 7,7: 3. ± - V - if V * * 's V - V t <D K O 2T £ £ -f 
5 Ki^r^Sitf. 7JI> * = JUS * tt l * & tt RloitQK «■.' <h b'to v . 

7i-J^iJtH-*,'2, 3-7**>-7:*>, 1, '2-->?DA+f>i;t 
> . 43 «k >tH'J><tCDK«k<tt3T<i«|i$n-5. 7 ^ ¥ r > g g <D & 3JJ # 

K d* & * . $ 5 fc , c n 5 O & g tt U •> > <D g. fc St/flC7^^^>o-f 7\-> a > 

* ;p # * -> ;p w & g ( 7 x a )]/ =f- )v * « if )V * 5 ;v ) « , 1 7 d a * > 
)V - 3 - ( 2 - * ij:*-4-if*) jd^l^-f 5 - if 

3 - (4-7 7^7-4, 4 - ;< 7 x = JP ) U )V# *J ■<( $ K © £ £ £ # Jl/ 
#H 5 H ,(R' -N = C == N — R ' ) («*'.• R*i5R' « A & -5 7 -IP* ;|/ 
g ) i © S & K J: o T S & W C ^ if $ ft 5 . $ 5 . ' 7 7 A J; if )V 9 

5 JPSI B7>tr>)A-f-t>t(DS(J;i:Aot7X/t7 * - JU *5 <fc 7" * 5 

7* u a h © ifiRo 7 5 /nm^oxGm& jj ? yy >y-ft« v>t; .#1:7. 

7 f W-^f *SgK::fcV>T£&tt*-ftKR8 U.T . 'Jft * ft «j fi SI g ©R 

* tt. 7* a 7^ - in 3 <£ ffl V 5 * 7 U 

> rmftizftstT . (a)7J^->*i«txf (b> 

* -> S . ( c ) y 7x t- 4 y <n * ft 6 © r t s is fg x ;p 7 t k y ;p & . ( d ) -b 
: U > '. . * ■= > . Sfclit Hn^j/^Dij > © -5- n ^ <D Z t 4 M M t K 
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JUS. (e),7'i2*7?'=>, ?d->>, Sfctth^F.7 7>Otn5fflr. 

tf«f«Si, (f) s >®7 s F«-fc k fc*t.T'« 5 

. A3"&#»H:. fllAtf, P C T#ff WSWO.8 7 / 0 5 3 3 0 ( 1 9 8 7 ^9 
JT1 1 B&l) , *3«fctfAplin£, CRC Crit. Rev. Biochem., 2 59-306H (1981) . 

W- > ^ ( P E G ) * it tt t r- Jfil ffiTJU 7 5 > O.tT it »J O fc 

Aft © ftgEHCtt *s <t / * ; fc tt #tt * $ c . * J: / * fc tt *a £ g fiT 

* . AbuchowskiS, J. Biol. Chem. 252: 3582-3586 (1977); Pqznansky? . FEBS 
Letters 239 : 1 8-22 (1 988) ; GoodsoniD . Bi o techno logy 8j 343-346 (1 990) '.; Katre 
, J. Immunol. 144:209-213(1990) ;Harris, Polyethylene Glycol Chemistry (Pl 
enum Press. 1992). JO *. T . 7 V * > S3 £ \Z & ff f 3 7 5 / K » * * tt £ £ 
tlUntp.LT (tftfc^. *©tt5fi<D75-/K»2SrtK:*^T©> it 

4©sijtc e k^^^t>DN7--tfi * tzuz<D&m#o&mv>i&%:> 7 - 

W ft X A * £ ft * Z. t ifi T * * . 

S Sfc-SftftfclJCfc^T. k h D N 7-i? I 7 * ^ > " fitt'* A#tt. DN7 

-■tfI*A#©K75.F T H : * * tt ifi tt* 5 fc * . 35«k.hDN7— KI 
75 ySIE^O 7 4 ffiT.fi 21* A s n ® £ K * tt £ X A ( A *. tf . N 7 4 D 
. N7"4K*fcttN7 4S*fi*JI) * ^ tt C t *«T * * . ErenxS', PCT&ffffl 
§1 WO93/.2 5670 (1 9 93^ 12 ,8 23 B & M ) . O lOCflHT, b h D N 7 - I 7 

a*.h\ »"f»ixf7-ii) Ki'a»fi^».-r4*.ji*©*Stt*fiT**a 
7 s y :» £ m & m x a * tt \t m © %m ta -& m m f ^ p £ t # t # * v 

' JSLfcrtf k>D.N7-€l^lf©DNA-lll*»l!fffittl5J;i;7:i'f 
tt. Stt»».T&-»T***J:i;*W«»Cfi«bfc7'y"fe^* 
«fc # i* £ ffi V s T *'A.£ £ $ n.* . (KG t8® ) D N A Al * # » ffi ft 43 «t 

t/ fi t l tt 7 * > c » -r 5 & £ a » * * -r * -ti-r n © x a » t> * g m 

C K *? 7 J f > - B ft t S'. ' ••' " 
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* £ W O t h D N 7 - if I 7 * > - B tt X ft # \t-m . tt « . fc'.fc a A 0 «• ». 

©rttDNA-t * «r n © * # tt * ft t * * a » k: ffl' V> s n * . 

ft**tt*fctt»jp»»ft*-r*»«a 6tffc*»tt»ft, 
ttaw^«?£&> gtif^asjte, mm&&mfc, • 

Ttt-, t> - itt«|.#©»p > mx tt, x 7 a 
i/ * ffi a ic «t -> t a # o a m (ma « » ,.8fj) * fc « j* t * % k «t 6 a a -r a 

o 

Sfc, 7,*.^>r»tt*ft#tt.*M v ■»««..- /ft* v ft It ft. ft/ft fll ft. * 
ft. ftft'ftv fcfllfty B¥ftft. «k tfflfcifaffittBSSift 0 i £ 

^sicfc tt 5 jajs*fcttitffi0*««5ife©#fti 6 atK:&jff*<tyf/*fc 
tt.»K. iStt^**i^ioSaS«ortf l^^iisi 

^®^^*0^^ff&«T?%#fflT»S. 7^?>-i!Stt^ft^tt^j5^g!^0?& 
SOMTI8H5ft5 ft # O ft.* $ & A T?'«* Cfl tt, y > ^ V -f -> > » tt tt 
IlDNAC^tS fllfflWJg^CAo TKiftftTr*) . 

^^h h D N7--fe? I *07*-^>.-W-tt*R#tt£*.ttx .j 7. 

Th-xX (SLE) , i*0iSRft©14l: < t.?T^Sl#tten5t)|«t 
^tl5ftfi]Ka®i6lTt)t»T*D#5, D N A tt & g £ # Je O £ g ft if 

ft'#T.* C O « « . fc'h D N 7-"tf I ; ("5c-«*fc tt**"*) tt. 09 A tt 
. 8! Jpt ft #. ^ 0 » 'ft ft V Jfc .T , . ft . 3t, tt 855 I* # lc ck o T £ #K» # T a 

o 

Srfc . ^«Sk h D N 7 -tf I <fc tf*© 7 ^ * > - ffiftt£ft#tt. gB&tti^«l ' 

fifiEf^^, «-fti ffi&*iz{t&<DBm**i-r z &m\ *fc«^©p?!ftAt 
o*4 0ABk*«»*i!i©ft.# - , -«Aa*is»A#T«i:o#*crfc*. b?k«» 

&&0$i L t» 55 i; / i II Ift S' 8S it t .5. t) W 1 T * 0.*§*. , 

7 ? 5\ > - ft tt & ft # tt & » 0 # ifc fc «£ o Tjanx'i& S J: W ffl ft » fi£ £ Si 

ft** c i # t .* i; w«.*'a j* fttt ft » ft tt # s » ft * » « * 0 7 
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>? * >- w&k m# <d mm\ n % u < \t t> h 7 ® i . omMtft* a £ £ 

iitog it * 'fc «.» ic a » & ^ -r * © »c * « ft s> x ? h t s s-g ct # S =r» * 
»»***fc.ia.li«:fcA#^IBft*.i»»Tr'»v>*0Ki*fca^'t'.*-. 
*> 5 iio%wm k *> » » « . * s ■» « w » « ■'*■'*« a a . 

1 0 .8 / 2 6 6 ; 0 2 0 f ' ( 1 9. 1 4.¥ 3 j 4 B HI i ) i: IE «'S tl T 7 f f ' 

- »tt* t»-*:j:.o.&*.. ■ 

it5:t#T*, t>. 1* ft © tt-fr *5 IA T t> . Jt * b S « O D N A - M * # » 
fc h D N 7 — "t? I ©7*3 1 >-»tt&S#£:3- Ht5D'N ATitll 

®aiia»w>- e # *-& i* x 9 x • tr#cT^sesi$ft#. ft^r, jh^^t 

! 

#«K + «? D N J: «7^> *«fc.tf»#0tt« 

c ft # ir * re & : o x ;. tfimm&ummMb* m m te >m s& * * ® * 

0fcft£ft&#&&« m.mtZ E t # ft ST ft* 5 . 5t«8 t h D N 7--bf I fc** 

■T*7*^>©'#«ET K,*3 ttS7*^>Kttr**©<aTUfcigi£Stfntt*5<fctf 
*©&**i*LfcDNA-;t!D*#$?Stt »*$ft«*ft-rft®eK 
f -5 7 * f > - fS tt £ S#0 fi tt;^-£#TTfig-$m£gj£T&©»::&gft 
* « t h D N 7 - -if I .© ft J: 0 t> ft>> T « 5 3 . - US . 7 * 5 1 > ® 14 £ S # © 
».*±*.»*tt. *W«BSKiB«tftg||fflfi!c^rtfcT«:4Sft*. «#©#« 
1 k g.S& O ft 0 . 1 u g-a*> P.» 5 m g-0«<(:®84iT* 5 5 . ^ 

7 ? 5 1 > - ftt'DN 7 - if I * * # tt . Br MIC «fc 0 , St 4 «J » v 
. «i*'»»JW ''(■«■*«", in - 7tf>->^f -f >) . 7Jf>g& 
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'*fctt7f?>.«K8eii.'(«iXtf, f )VV U > ; MatsodariaS , Cell 54:1 39- 
140 (1988); StOSSelS, PCT# tf ffl 8 W094/22465 (1 994^ 10H 1 3 0 & BB ) . 7 D x 

*"H»8MC'F T R) Igf .. RiordanS . Science 245 : 1066-1073 (1 989))® CT 

Totl «lli«*pfc*o*i:ftCv «UT*»M*lfifit51B!©^ : ij 

mm mi 

t kd-n 7'- -k'i 

ChungS (Nuc. Acids Res. 1.6: 3580 (1 988) © Jj S ft ffl V> T , -f - • 3 U (E. co 
lDflcC.J. 2 3 6 (BioRad Laboratories, Uyf t>H, * U 7 * )V = 7 W * B 
) S^7? 5 H P..R K . D . N 7 - if 3 ..T f? g & L £ . #5£9!ftfPfi£-f*©iC 
ffl iVfc 7*7 X 5 F p R K . DN7--tr.3.tt> khDN7--fefI*3-r I T?>« 

is #i i'H i it B v it t> »T»4an.».p c T#if mnwo 9 0/0 7 5 7 2 ( 
1 9 9 0 4 7 a 1 2 a & n ) . e « $ n a o-t * a . » k a a ife * 5 0 # .& 

/ml* ;i> ^ ^ 5/. U * #-T * L B * 35 ^ 1/ - h ± K ■ * . 3 7 *C *C — 8fc J8 Jfi'- 
$ fc . 5 0 At g / m 1 * ;p ^ - -> U > *5 «k Zfi 1 0 m 1 VCSM1 3AJl//t- 
7 7 - P (Stratagene, La lolla. # U 7 * )U - 7 M * B ) Sttt52YT^ 
n X .( 5 m r l ) ft 7 V - V p 5 3 ar-t81l/. «# L t> o 3 7 

# £ . U * .£ D N Aft t-©'** * 51 *f*Vi T ©•£ «i X Jl R » J8- 

•«'tt«.JI«*«8ie'JI:B»ttIunkel6..(lleth. Enzymol. 154: 367-382 (1987)© # 
. fete ft o T £ ft * U =f"Jt > H ft ffl T if ft snf;. £3* S H * U =f ? * 
F ttJR#& 3 H >V'S * «8©9£fctt 1 2 ©IElit&&a*r£43 <fc 
n F >© 3 ' W© 9:oo.iEt'ftI-i'a&*ft« 2 1 - £ fctt 2 4 
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AttXKfe*. .1 *o.f □ - S CD-*® DN A •£ S>x:fr* -> 
E JO* 5t (Sanger S, Proc. Nat. Acad. Sci. USA 74: 5463-546.7 (1977) ) b 
. ik W T', K i'ft # : * > 1/ * * H E W £ .# t" -5 D N A * jffl BE Ufc £ £ < fc -f- 3 
0 8c X LIB 1 ue MRP* (St ra t agene) K S <E & t It ; ¥ « $ « *5 <fc M 12 
.|-3b:-.||«)«, «* cD3Dr-£it)T5 O/i g/ rri 1 # ;i/ ^ - 'J > 
.Sftt* 0.5 U y ->JPL B ^D^$81Lft. 3 7 Ocfett.S 

7-MQiagen Inc., Chatsworth, * 'J 7 * * ffi HT^S# D N A 

.\< : *a'***- + >- *.m«-.bfc. 

0 2 - 6liH^StlfcS&5k h DN7--t? I El It *5 V* T *5 «k 

tf9J8B§£aUT, DN7--tfI fc#«t-*7$/&e&£&£J|cD*jiHi&fl 
© 7 )P 7 r * «y h £ ^ . & *J <k $g 2 <D 7 7 r * y h £ * »C «k O^t ; B8 "T 3 . £ 
«J O 7 ;P 7 7 <* y h X * tt * « ( Wf £ m ) h h Jifc & D N 7 - if I It £ 7 5 J 
B&SgcDlX^gBST&O. » 3Mt ^ $8 k hfi£&DN7-*fI IC *3 £ * cD 8 £ 
tDffcg£7RL (Hll:Stt>niJ>{') . * <fc 2 CD 7 7 7 * y h X? « 
ftg#DN7--t? I i:*Jt5^ott@i:fein75;KS £ CO i * 3= # B& T & -5 

. 00 £ \i , d 5 3 r & $ sss#-r>DN7-tri a:s«cic*5^T, & t > & 

I'D N 7 - M I fc* ft 5 5 3 & CD 7 7, A 7 * > K ( D ) SSIJ7XA7^> ( R 

) 8 S It <fc ? X e ;* » *. 6 n T * . * - a S * \Z « It 5 IS & 55 g n « n « fc 

« . £ * D .5 3 R : Y 6 5A|J«SMD5 3 R#!$2£J|:tei;tfY 6 5 A % ffi g 
S £1TT Z.Z\ t £ it. 

t h ; K<t»,W 2 9 3 JfflJS(AT CCCRL 1 5 7 3, American Type Culture 
Collection. Rockville, * <J - y > H ^ * O) * , 1 5 Omm75Xf 
^ h 'J Wr.-5iim ^TtamS -B-^i. U > & # -> A J£ (Gorman^* DNA 

and Protein. Eng. Tech. 2:3-10 (1990)) »&ffia5|S^2 2 . 5 m g <0 S 
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1|||:DNA (|B'9^<IS) 1 7 ».g7f /f <JMDNAt- 

jg M Id * h v > X 7 ( x £ h b fc . h.5>X7ii'3'3>l 6l»H*t. IK.t'1 
5 m,l CD U >K«««4«ftii[*T»s»-b-. 1 0a 

tt* 3e*» -6 2 4 ftM 7 2 ttPflftlC. ««tt 9 6'»B«C«Ua*/ 

s's«©2l5l©KS$.&yv - h^Sofc. DN7-€ I IE**-.* - * Wt** 

M-.is a; s o m. r o as is «.« ± »•*.;:•©■'* 5 £ b x # fc . & 7" i/ - > ^ s/tf * b 

. «.SIJ: Sf © ^ - "JP * . Centriprepl 0 jg|g? 5 V> b 5 0 te&ffib, jgfilfeS 
7 >y -fe.-f b T , DN7^tMg&#CD«4CD&4t^Wfc <t 4 « ¥ tt'JS tt *< JH « 
bit. 

2 9. 3 1 ttfi'ft:/ 5 * SHpRK. DN7-"tT. 3 .T-iSMC h 7>X7i^ h 
b fc'tt'fl « W E b it CD t ^ - CD ^ .ft CioT, ^ & fc HDN7-K*^*t*t 

H is #J 3 

k hDN7-^I ^a*04ft^««J;^4«^WStt 
I . ffi^MHSW fir 

D N 7 - if I X & # © ffi # S & iS & « 2 O © & S 7 y "tr -I" K V> T £ g 

# © m tt * ^ m t HD N7— k i 9^nttt«t.« u.tci.oTfff Lfc. » 

/■lTjSf ) (SinicropiS .. Anal. Biochem. 222 : 351—358 (1994) ; Kurmick, Arch 
. Bloc hem. 29_: : 41-53 (1 950)) £ D N 7 - if I E L I S A 7 ~? ± A ( «E ) TSJ 
f lftll* : (/t'g/ini ),OfiKtillafc l b.O£lliSn4. ^fi^'JyV- 
ffi tt 7 y.t'f fccttfDN7-1? I E LIS A,7"; t-fStKi^T.'Pu I'm 
o z y m e "" h.h D N 7 - -K I £ ffl Vv T g ^ A $ * ft Jfc b fc . XftkhDNT- 
• -e I. 

;* ? )V if U - >i§& 7 y -t -f (Sinicrop.i 6 Anal.. Biochem. 222 : 35 1 -358 (1 99 
4); Kurnick, Arch. Biochem. 29; 41-5*3 (1950) ) \t * T >W 9 'J - >.fi'* M b . 
inttDNACfeVVTBtf 1 OliSlC-f >.^-* U - hi. * CDS- 
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a a<# 5 n-s ,. d na«i dnj-^i ic«t ? -t'.hdik s.n a a t •. * ^ u -■>" 

n \Z Sx Ha £ n It D N 7 - if I <Z> S C It W f * . * V> T ; 7*;t-f T#fit30N 
7 - -fef I O.ft gE » fi © D N 7 - ±f I $77t^t5uil;J:^TalJSnfcg 

D N 7 -.-tf I ELI SA77t'fli?'fi'a?^^-yU-hSt^jn-D 
N 7 ^ if I # U * □ - ^ ffi # T & & b ; 77t-ft'<tKfiS « JO b . * - X 
7 T W a * * * > 9- if (HRP) 3 > 5? a ? - h $ ft 9 it * ft - D 
N 7 - f I tf.U i' n - t ^ R ft t O Wf ti © # .5 n fc D N 7 — if I t> ft ttJ f 

•* 1 1 ft * tr . . h r p »•« ife i fi » a a * * lirr * t fi * * tt k » .ic # «e r 

* D N 7 - if I 0 ft IC it M t £ . * V> T ■ , RJHiOD N 7-1? I ST'yt-f t'5 
C £ t «fc o TH91S nfcgipftlSl £ ©tttfcfc «fc -3 T , 77t-fl:#fit5DN7 
-if I (SiSSttS. , 

MY v ir-f *5 IVT. ft 7 v -fe-f b , gipliil*!©* KX 

S«ift¥«Jb, gS*P(Igft «•» b fc. 

i-fc, DN7-if I E L I . S .A. I: . J: o T atJl l/'fc D N 7 - f M « * ffl ^ T 

. dnt-« i. * ft fc«o7>-t -f (fci a «. .tgiar £ 7 £ ^ > JC 

**B#©7yfe-f) K*5V>TD N7-if I i8gft&$.ft bfc. 
II. DN7-if~I lll*»:«gtt©7^f >B§ 

G - 7 ^ f > (Kabsh 6 , Ann. Rev. Biophys'. Bioooi: Struct. 21_: 49- N 76 (1 992 
» \t . A m « A # ■« 7 ? ? XSi gma. ± > b SXU-«*i)0 
1 m g /m 1 f&ft 4 < CKt''5 mM- HEPES,pH7.2, 0.2mM Ca 
CI,. 0.5mM ATP. 0.5 mM /3 - ;* * 7 h X * J - )HZ M b X - 
».S«r T £ .c i:iot, <£ ffl T 5 fit © l 0 B W Ic m M b fc . 1 3.0 0 0 x 
g \Z It * 5 # ffl <D & <D & , 2 9 0 n m £ £ 5 © jt ft ft iBJ £ T 5 £ i: K <fc o. 
T G 

- 7 0 ? >©»ft5fc.g b ; l rh g /m 1 Sffitt 0. 6 6 O D O*****"*"*. 
^fTiUl>i<iIfiill: OS'flXlf) C^«t hDN7--tf I ©DNA-HD 
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*#fl?«tt£B£ "T 3© Kit -5G-7£^>S9 SO iS#7«y t-f TfflUfel^. 
- * # T T © * H k 'Wl X M L ft . 

7 9 ? > i f fc fti* * ® 'ktt . 2 t3 © £ « 7 » -tr -f . ft) gj b ^ ^ )V V U - 
> 7 y -fe -f .43 <fc Zt D N A © £ tt 43 «k ft M £ \Z & V X © 2 6 0 n m \Z 43 115.11, 
St ©iiiO ir S -3 < % <K m:fa 7 y t -i . (Kun i tz. I. Gen. Physiol. 33:349-362 (1 
950) ; Kunitz, J, Gen. Phys io 1 . 33 •: 363r377 (1 950) ) >* f'ti \Z \Z 43 lr» T ■. 7* 
5 1 > © # ft T *«k^^#«ET-e^S#©DNA-ll0*»«?gft*a!l)£T-5^tlC 
<t o.T If 15 U ft . :n5©7«;t'f l:i5lj.Tl«$tlfcM-t>>Ef SB3fe 
<fc 4 ic^-f . 

3fc ««R*ittl7 y -fer-f C43 vi T . & 7 y -fe-f §S 1. 0 m 1 fl> © 4 0 m g D n' 
AS^IitS + a^'/KCSJDtSil:,. S *& 3 tl i§ il ± ffi ( tt 12 LfciVli 
SSK. DN7--triS£S^*-&#) *■, ||MA'(25 m M HEPES, p H 
7.5 CaCl,, 4 m M MgC 1,, 4 m M MgCl,, 0.1 % B S A ) 

2 z -fe*)immv7 z ±ik\ztLiz\t*:n* mm ■& -r \z &u\z 

T 1 P#|ffl^ >*a^-:h L,fc. 7 y -t'-f \iZ 43 »t * D N 7 -if I ^S#®iKl$ 
tt D N 7 - if I ELI SACJ; o T 85 £ L T , 8«2 6.nMT«5fc. 7 ? 
>©#«T43<fctf*#ftT»C43W-.5D N 7 - if. I.* ft.#K <fc;£ D N A JO * # # © '. 

£ S))£ L fc. 0 3 43 «fc 4 IC^-T A --t > h ffittte .. 7 £ ? > ©*??£T 1C 
43 It 5DNA-H* ft.ft -S tt \Z t.« 7 * f > © #«ETC*tfi k hDNJ-K V 
I (*&*fcttf£S#) © D N A Jn*##Stt ©tt:£fc5£ L. 1 0 0 **C« c' 
t Ki J: o Tifr© U fc. 

* 5 1 y U - > 7 y -fe -f \Z 43 i H T . ( tt B U fc £ & < P «> . D N 7 - -feM £ 
£#£-£*rTS) Slffi$ nfeiSH±« ZmmWi B(2 5 mM HEPES, pH 
7 .5. 4 m M CaCl,v4mM M g C 1., \ 0 . 1 % B S A , 0.0 1 % 9- 
$'u 7 43 .k.t; 0.05 % Tween 20) t © 1.0 0 0 - fttJl/ilCDT? f >i 

*K * « n €r ^ JO -B- f IC 3 7 tT 1 6 ffl -f a. ^ - H,fc, S « ^ 1C 43 
ItS.ffittSSfflfillJ. PulmozymeR©^Jpfti^ i © tbfelcj; o Tff ffi L, fe. 
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.© r/^--fe > h.ffitt j 7 £ :P>©*#fcTK43tt -5f£tt K#-f -5 7> .. 

^>© #«Tfcfc tt3 jstt©tt £ 1 0 0 fttftACtHj. 
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